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Abstract—
In reservoirs the flow velocities, the turbulence and the bed
shear stresses are reduced in case of backwater. This effect leads
to the settlement of sediment particles in the reservoir. In further
consequence the bed levels rise and the storage volume is being
reduced by filling up the reservoir with sediments. In Alpine
run-off river and diversion plants the water depth are usually
lower than in reservoirs of storage and pump-storage hydro
power plants. A large part of the suspended sediments is thus
transported through the reservoir and deposition of bed load
fractions is the main problem. The deposition of coarse sediments
at the head of the reservoir may cause problems regarding flood
protection by raising the bed level and thus, raising the water
level too. In the selected case study, the widening of the river bed
at the head of the reservoir worsens this problem and lead to
sediment depositions in the reservoir. Additionally the values of
the design flood events for flood protection have been increased
since the hydro power plan was built and the state of the art of
flood modeling has changed in the last decades. These three facts
together lead to a flood protection problem for the surrounding
areas. The paper presents the application of Telemac2D to solve
this issues. The numerical analysis showed that the removal of the
sediment depositions and the implementation of a berm increases
the shear stresses for reducing sediment deposition in the future.
I. INTRODUCTION
The construction of dams and reservoirs influence the
natural sediment transport processes and affect the sediment
connectivity. Due to the increase in water depth in reservoirs,
the flow velocities, turbulences and bed shear stresses are
reduced variably. This leads to deposition of the transported
sediments, increases the bed level and often reduces the storage
volume by filling up the reservoir. A decreased reservoir vol-
ume reduces, and in extreme cases eliminates the capacity of
hydropower, water supply, irrigation and flood control benefits
[1]. However, reservoirs with less than 20 m height are usually
shallow and morphological evolution develops relatively quick
compared to large reservoirs [2].
Reservoir sedimentation is a common problem in dam
engineering today. At any reservoir where a sustainable long-
term use is required, it will be necessary to manage sediments
as well as water [1].
Traditionally, reservoirs have been designed and operated
with the assumption of a usable life of about 100 years,
which will eventually be terminated by sediment deposition
in the reservoir. The reservoirs have often been planned with
a large volume of dead storage, which provided enough space
for the sediment depositions of 20 - 40 years. Usually little
thought was given to the fact that the reservoirs would have
to be replaced, if the storage is lost. The assumption was
always made that someone else in a future generation, will
find a solution for the sedimentation problem. Reservoir sedi-
mentation is thus an increasing problem worldwide. Sediment
management in reservoirs is not longer a problem that can put
off to be dealt with in the future; it has become a contemporary
problem. Traditional approaches of sediment management have
not taken into account the need for a sustainable sediment
management [1].
The main factors in reservoir sedimentation are the reduced
transport capacity of coarse solids as bed load, the transport
of fine fractions in a stochastic distribution, and in some cases
the transport of fine fractions in the form of density currents.
The occurring sedimentation pattern reflects these processes
and therefore it is essential to know the processes determining
the sedimentation in order to choose the adequate management
method [3].
The implementation of a successful sediment management
requires appropriate knowledge of the sedimentation and ero-
sion processes in reservoirs, because every reservoir is unique
regarding the purpose, the geometry, and other boundary condi-
tions like hydrological and hydraulic conditions. Consequently
not every management method is suitable for every reservoir.
Additionally in the case of a chain of river plants it is
essential to know the operation method of upstream plants and
reservoirs. The management methods have to be coordinated
in time and space for a successful sediment management.
The success of the different management methods is often
investigated using theoretical approaches and physical models.
The problem is, that all theoretical approaches and physical
models may contain uncertainties or scaling effects. There-
fore it is important to include a sensitivity analysis in the
investigations of the reservoir management methods. There
is a large amount of literature available concerning sediment
management methods, e.g., [1], [4], [5] or [6], the focus
here is on the principles behind the problems of reservoir
sedimentation and on large storage reservoirs.
Over the past few decades physical models have been used
to analyze processes and improve knowledge regarding water
flow and sediment transport in rivers and reservoirs. Due to
the rapid development of computational fluid dynamics (CFD),
the increased computer power and the availability of clusters
and parallel processing, numerical modeling has become an
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(a) Overview of the project area (b) Water depth in the project area in case of the 100-year flood
Fig. 1: Project area
important tool in fields of hydraulics. There are various nu-
merical models available which are able to handle hydraulic
problems. However, numerical models with implemented and
tested sediment transport algorithms are relatively rare.
In the present case study, the adaption of the hydraulic
design of reservoir layout, singular excavation measure and
reservoir operation adaption leads to an optimized and sustain-
able state of the art sediment management in a chain of power
plants. This paper describes the hydraulic design development
for a sensitive and urbanized flood plain area.
II. PROJECT AREA AND BACKGROUND
The project area is a reservoir at the river Mur in lower
Styria, Austria (Figure 1a). The reservoir is approximately
5 km long and a width of river bed of 60-150m. Since
beginning of operation in 1988 the reservoir was operated
without flushing permissions. The head of the reservoir is
located in an urban area. The plant design includes flood
protection measures like levees on both sides of the river.
But since the start of operation of the hydro power plant the
values of the design flood events for flood protection have
been increased, and the state of the art of flood modeling
has changed in the last decades. The plant is located in an
area of natural floodplain, these facts together lead to a flood
protection problem for these areas.
Upstream of the reservoir, the bankfull flow of the river
Mur is reached between the 5-year flood event and the 20-
year flood event. In the case of a 100-year flood event the
floodplains are filled up and several villages and the railway
are flooded. Figure 1b shows the calculated water depth in the
project area.
The head of the reservoir is next to the bridge shown in
Figure 1a. Upstream of this bridge the river Kainach flows into
the river Mur. Downstream of the bridge the flow profile of
Fig. 2: Bed levels in the reservoir; the dark green line denotes
the river bed in 2008 in the middle of the bed, the light green
line denotes the thalweg in 2013 after a high flood event and
the red line is the planned dredged river bed
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(a) Freeze core taken at the head of the
reservoir
(b) Corresponding grain-size distribution
Fig. 3: Freeze core and grain-size distribution from the head of the reservoir
the River Mur widens up from approx. 50-60m to 70-80m.
Table I shows the hydrological conditions of the river Mur
in the project area.
TABLE I: Hydrological conditions in the project area
Flow Q Mur Q Kainach Q total
condition [m3/s] [m3/s] [m3/s]
mean discharge 110 10 120
design discharge 190 10 200
1-year flood 460 90 550
5-year flood 735 75 810
10-year flood 800 200 1000
30-year flood 1050 200 1250
100-year flood 1400 150 1550
A. Sedimentation in the Reservoir
The widening in the river downstream of the bridge at the
head of the reservoir lead to an aprupt deceleration of the
velocities. Transported sediment at flood events or higher dis-
charges thus deposits in the reservoir. Echo-soundings showed
the rising of the bed levels at the head of the reservoir (Figure
2).
According to the shear stress conditions in the reservoir,
the fine sediments are transported to the weir, while coarse
sediments (gravel and cobbles) mainly deposit at the head
of the reservoir. The coarse sediment depositions at the head
of the reservoir increase the water level additionally. Hence,
the rising of the bed levels at the head of the reservoir
creates additional problems concerning flood safety for the
surrounding areas.
In 2014 the freeze-core method was used to take sediment
samples in the reservoir. The samples were sieved according
to the Austrian Standard. The freeze-core taken at the head
of the reservoir is shown in Figure 3. The mean diameter dm
of the sample is about 40 mm, whereas the d90 is about 125
mm, which is still relatively coarse for a reservoir in an lower
Alpine river.
B. Description of the Project
The idea behind the project was first to dredge the sediment
depositions at the head of the reservoir and second to en-
hance the shear stresses sustainable to prevent future sediment
depositions and to create a stable river bed solution. The
dredging of the sediment deposition expand the river section
downstream of the bridge additionally. The implementation of
a submerged intermediate berm should thus concentrate the
flow field and enhance the flow velocities and the sediment
transport. Additionally the levee on the orographic right side
downstream of the bridge will be heightened to prevent future
flooding of the orographic right floodplains. To obtain a official
approval for the heightening of the levee it has to be ensured
that the cutting of the retention area does not influence the
flood wave in the downstream of the project area significantly.
Figure 4 gives an overview over the planned measures. A cross
section of the planned submerged intermediate berm is shown
in Figure 5.
To avoid an increase flooding of the orographic left flood-
plains, existing water levels for the 30-year flood and the 100-
year flood, respectively, should not be increased. This was a
the main technical term for the project design. Therefore, a
numerical model was applied to model
• the current state in the project area to calibrate the
model,
• the final state with the optimized submerged interme-
diate berm and the heightening of the levees on the
orographic right side downstream of the bridge,
• and additional construction stages.
To enhance the sediment transport in this reservoir, the
permission regarding the operation of the hydro power plant
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Fig. 4: Overview over the project
has been changed to allow the lowering of the water level at
higher discharges and enable free flow conditions at the weir
in case of discharges which are higher than the 5-year flood.
Fig. 5: Cross section of the submerged intermediate berm
III. NUMERICAL MODEL
In the present study the hydrodynamic model TELEMAC-
2D v7p1 from the TELEMAC-MASCARTE suite [7] was used
to simulate the flood wave and analyses the effect of the
submerged intermediate berm. The mesh with approximately
245,000 triangular cells and an average edge length of 5-
10 m was based on an existing SMS-mesh and edited using
BlueKenue [8]. Figure 6 shows the generated mesh with the
conserved break lines of the river banks.
The roughness values in the model were set according to
the land use in the area, the friction law after Strickler was
used. The water levels were calibrated using the measurement
Fig. 6: Bed levels of the generated mesh of the project area
data of existing gauges. Based on the calibration results, the
turbulence was modeled using the Elder Model. The standard
secondary currents algorithm was applied.
IV. RESULTS
Several runs with modified settings (width, height) of the
intermediate berm were necessary to increase the shear stress
as much as possible but do not heighten the water levels. The
final setup is presented here.
Figure 7 shows the comparison of calculated shear stresses
for a 1-year flood with a discharge of 550 m3/s (a) in the
current state with maximum operation level and (b) with the
implemented submerged intermediate berm, dredging and draw
down of the water level of 1.5m at the weir. The draw-down of
the water level increases the flow velocities and the bed shear
stresses in the reservoir. Because of the low water depths and
the movement of the head of the reservoir due to the change
in the water level, the bed shear stresses increases not only at
the weir but in the whole reservoir. The implementation of the
submerged intermediate berm enhances the shear stress at the
head of the reservoir additionally.
The differences in the water levels between the current
state and the planned state with the submerged intermediate
berm for the 100-year flood event are indicated in 8. The water
levels decrease next to the bridge and in the southern part on
the project area. The orographic right side of the river stays
dry, therefore the differences in the water level are equal to
the former water depth.
V. CONCLUSION
In the present study the effects of the implementation of a
submerged intermediate berm together with dredging actions
on the water level, flow field and bed shear stresses have been
analyzed with a two-dimensional numerical model. The model
has been calibrated using gauge data. The results show that the
modification of the river section at the head of the reservoir
and the draw-down of the water level lead to enhanced the
bed shear stresses not only next to the weir but also up to the
head of the reservoir. The bed shear stresses are significant
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(a) Calculated shear stresses in the current state [(N/m2) with maximum
operation level at the weir (292 m asl)
(b) Calculated shear stresses in the final state ( N/m2) with submerged
intermediate berm, dredging and lowering of the water level at the weir to
290.5 m asl
Fig. 7: Comparison of calculated shear stresses for the current and the final state
Fig. 8: Differences in the water levels for the 100-year flood
higher with the modified geometry than in the current state due
to the increase of the energy slope resulting of the lowering
of the water level. The elimination of the deceleration effect
caused by the widening of the river bed enhances the bed
shear stresses at the head of the reservoir too. The combined
measures can thus reduce the sedimentation at the head of the
reservoir and facilitate the erosion of the sediment depositions
in the middle of the reservoir and next to the weir as well as
enable the sediment pass through the reservoir at higher flood
event.
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